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Introduction

Motivation and what we do



SFT has a huge gauge symmetry. — Needs gauge-fixing

Siegel gauge has been a unique choice of covariant gauge
since 1984 (even before the gauge-inv. action was found.)

In ordinary gauge theory (e.g. Abelian case)

1
Seauge = / dPx [—ZFWFW + Bo, A" + gBQ + ic 0,0"c
o IS 2 gauge parameter

a=1 Feynman gauge
a =0 Landau gauge

Siegel gauge gives Feynman gauge for massless gauge mode.
Then what about Landau and other gauges?



Tachyon potential in Siegel gauge showed singular behavior.
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Alternative gauges have been desired

To distinguish the physical and gauge artifact

(or truncation-scheme artifact,)

To obtain reliable results for wide range

(Must for quantum analysis.)




In this talk,

Proposal of new covariant gauge
A single parameter family of gauges which naturally corresponds
to the covariant gauges in ordinary gauge theory.

Application to tachyon potential
The identification of physical branch.
Obtaining smooth potential.



SFT and Siegel gauge

Notations and Fundamentals



String field
®1[XH(0),c(0),b(o)]

/ 0x'Y s, 2)vs(2)
d26

= | Gx )26Z|8 , ) (p)

— / (27026 [¢(p) + Au(p)at | 4+ ix(p)eob_1 + - }|O»p>

XH(o) = a4 Z — cos(na) string coordinate (gh# = 0)
n;&O
c(o) = > cne ™ worldsheet ghost (gh# = 1)
b(o) = > bpe ™ worldsheet anti-ghost (gh# = —1)

[xﬂ 7py] — ’mW7 [an ) m] — 77 n5n—|—m 0; {Cn ) bm} — 5n—|—m,0

Base vectors |s,p) = |f,p) or cglf’,p)

| fip) = /i%zl o O‘liinic—ll el bmy -+ by 10,73 1)



Action

_€<

1
S = —§<¢1,Q¢1> = P, Py * Py)

where (Q is BRST operator (first quantized BRST charge)
Q = coLo + boM + Q

(P, W) = (bpz(P)|W)

(P« W)[X ()] ~ /DY DZ @[y (o) W[Z(c")]8[X (0),Y (o), Z(c™)]

Z(O_//)
Support of §[X(o),Y ("), Z(c")] — X(o)/¥
Y (o)



Gauge invariance

Action S is invariant under the gauge transformations

dP1 = QN + g(P1 xNg — Ng * P1)
where Ag = Ng[XH(o),c(o),b(o)] is gh# 0 string field.

26
No = /(;T—)ZES A(@)b-_1+---]10,p)

— 6 Au(p) = ipur(p)



SuU(1,1)
Q = coLg + boM + Q

M= -2 Z Nc_nCn

n>0
M together with
-y —b nbn
n>O
and
1 g 1
2 2
n>0

constitute SU(1,1) algebra

[MaM_]:2M27 [MzaM]:M7 [MzaM_]:_M_



Isomorphism

@) ~ =
F= @ (ng + cong) .

NI—=—00

f)y e F" = M"|f)y e F*, M"f)=0= |f)=0

Vify e F* = J|g) e F" st |f) = M"|g)

There exists Wy, : F"* — F~—"
WaM"|f) = |f) forany |f)eF"

M"Why|g) = |g) for any |g) € F"

Wh
= "
M’I’L
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Gauge invariant decomposition

Expand string field in cq

®1 = ¢ 4 w1

In terms of ¢(0) and w(~1),

1 ~ _ _
S2=—3 ({619, coL0e'?) + 2(G¢(?, w1y + (Mw (1), cpu=1)))

1 1 -~ 1 -
— _ - O _ - A,,(=1) O _ ~-A,,(=1)
2 <<¢ Lon ) R (Cb Lon >>
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Note that
C(l) — Q¢(O) 4+ Mo

IS gauge invariant for g = 0.

Using ¢(1) instead of w(~1), we have

1 ~ ~
S2 = — (89, coLod @) — (Q8(?, coW1 (@) + (¢, cow1¢V))

Cf. —2F,F" =1(A,0-0A*—0-A0- A)
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Siegel gauge
bpP1 =0

Introducing ghost &g, anti-ghost ®5 and Nakanishi-Lautrup field

B3, gauge-fixed action is
/ 1 g
§ = —5{P1,QP1) = J{P1, P1xPy)

— (P2, QPg + gP1 * Pg) + (bgB3, P1)

Now we have another gauge symmetry

0Py = QANA_1 + g(Po*xA_1 +N_1 *xPg)
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Ghost (for ghost)™

Again we fix
boPog =0
introducing “ghost for ghost” ®_1 (and &3, By)

Agdgain we have another gauge symmetry ----.--..

Again gauge-fixing with “ghost for ghost for ghost
(DOa (b_l’ (D_Q’ .
q>27q>3’q>47...
B3, Ba,Bs, - - -

14



Procedure

1 Extend to all ghost number (field gh# 4+ ws gh# = 1)
P = D= Dy
n
2 Find gauge conditions for all sectors

s.t. (a) any string field can be transformed to satisfy them
(b) no residual gauge symmetry
..... shown for g =0

3 Write gauge-fixed action
1 g
SSiegel = — (P, QP) — 5 (P, D x D) + (bgB, D)
4 Check BRS invariance

5BSSiegeI =0
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BRS transformation for Siegel gauge
opPn = nboB,41 (n > 1),
@)
opPn = N(QPu_1+g Y, (Dp_*Py))
k=—o0

n IS @ grassmann odd parameter.
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New covariant gauges

bo(M + acoQ)P1 =0
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Gauge condition for all ghost number sector

For n > 2
(boMn_l + abOCoMn_2@> P3_, =0

(boWn—z + abocoWn—1@> P, =0

a =1 is prohibited for ¢ = 0, since

(boM + abgcoQ)dP1 =0 < MWD 4+ ade(®) =0
L.H.S. reduces to (¢ = 0) gauge invariant combination at a =1

C(l) — Q¢(O) 4 MoD
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Feynman-Siegel point (a = 0)

boMn_lcb:g_n =0 & bgP3_, =0

Because of the isomorphism between F™ and F—"
boMn_lw(l_n) —0 < bow(l—n) —0

boW,, 20" 2) =0 & b2 =0

b, = ¢(n—1) —- Cow(”_Q)
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Gauge fixed action
1 = g
Sa — —5 Z <¢R7Q¢—n—|—2> —g Z <Cbl,q)m>kcbn>
n=-—0o0 [+m—+n=3
oo
+ 3 (((QaB)_n g3, Pn) + ((OaB)In, P _py3))
n=—2
where
(CaB)n = (boM" ™ + acoboM™ 2Q) B3y,
(OaB)_p43 = (bOWn—Q + aCObOWn—1@> Bn.
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S, 1S invariant under the BRS transformation
o0
p®n = N(QPp_1+9 > (P _k*xPg))
k=—o0
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Landau point a = >

bocoQP1 =0 (& Q90 = 0)

—= ({6 @, coLogp @) + (MwD, cow=1))

wm l\)||—‘

(<¢ (@) 4@y 4 (0)> + 3(¢ (0) ' (0), cow D)
£ 36, e D)

Remark: Banks-Peskin

1
Lgp = S®(Lo — 1)Pd

with projector P onto Lp,® =0 (n=1,2,...)
Cf. IKKO (1985)
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Level 1 (massless) fields

_ d*%p 1
N=1 _ p — _
o = | Grymys (1@b-1+ Audaly + #F(P)e-1) 10,81 1),
_ d*%p 1
N=1 __ p : _
NTE = | G5 (X1 + uuPlaly + v(ple-1)10,p; 1)
_ d*%p 1
N=1 _ p : _
BTN = | Grymys (@1 + Bu oy + Bu(®)e-1) (0,77 1),
soad = / d%%z [—%FWFW - %(x + A2 — i 8,0My — iu, Py

1 1
+8x(x + a0, A") + Eﬁuu(uu — ad"'y) + Zﬁfu’l}]
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By use of field redefinitions

B = ((1— 1)6}( X = X_I_a,UJA'LL_ﬁX
c = (a—1)75 a" = ut — adty
cC = v Buﬂ — 5uﬂ + 273%%

the above action can be written into the well-known form plus
decoupled auxiliary fields’ term

1
gquad — / d?%x [—ZFWFW + B, AF + gBQ + i€ 9,0t c

1., 15 _, 1
_EX +§5uﬂu’u+zﬁv’0
with

1

T (a—1)2
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Gauge independence of on-shell amplitude

Propagator
bo a bocoW1 |, coboW1 a(2 —a) bgWq
DN, = — B = N (e e
“7 Lo 1—a<Q Lo b Lo @ +(1—a)2QL02Q
bo
Ac: — Y
Siegel Lo

bo
Al andau = L—O(l — PO) + coW1
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T heorem

(I) QRP; =0, P;: odd (’L: 1,---,n)
Jj €{1,---,n} s.t. &, =QZ (Z: even)

tree —

(H) QLP; =0, P;: odd (’L: 1,“‘,7?,)

__ tree __ tree
ACyC“C(CD].) ,(Dn)Aa - Acychc(cb].)

D) A
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Application to tachyon condensation

Examining gauge (in-)dependence of tachyon potential
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Sen’s conjecture

V(") = —T25
Potential depth of the vacuum is equal to D25-brane tension T55.

NoO open string excitation around the tachyon vacuum.

Lower dimensional D-branes are solitonic solutions around the vac-
uum.
28



Tachyon potential in level truncation

We take twist-even, N9 = 1, scalar fields up tp level L
L
Cbg )= ¢l 1) + > dilfi) +cod wilgs)
v J
Level truncated potential

VS (g, (g}, {wih) = -5 (#{7).

Gauge fixing

we substitute w; = w;({¢;}) for |a| < oo
or ¢9 for a = oo where {¢;} is a set of solutions to §¢(%) =0
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Example

Fields up to Level 2:
"= = 6| 1) + d1(a_1 - a_1)|1) + dob_1c_1] 1) + wicob_a| ).

Gauge condition:

—4w; + a(26¢1 +3¢2) =0
Level (2,6) truncated potential:

Vi20) (4,1, 00) = V2O)(g, ¢1, o, w1 =a(26¢1 + 3¢2)/4),
V2% (6, ¢1,w1) = VON($, ¢1,dpp=—26¢1/3,w1).
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Tachyon potential at varying a

10 10

\
N
o o1 o1 o o o O
\%
N
o o1 o1 o o1 o1 U’
N _
_..____-_Z_;:::=_- o
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N ~
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N ~
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Dangerous zone

Fields up to Level 2:

¢§L=2> = ¢[]) + ¢1(a_1-a_1)|l) + ¢2b_1c_1]]) + wicob_2| ).
Gauge transformation

2080 464 128 )

16
56 = gix (=g + Spgt1 — o pdr —

A S e g e
01 = 5T gRA (%¢ “ 656171 T 56172 T 2187w1> ’
0p2 = —3A T gRA <_%¢ T 26258681(D¢1 N 161526418@ T 22615(15“)1> ’
w1 = AT gRA (25%14@5 N 22911827O¢1 N 6959621 2 1772992“’1) ’

3
I | 3\/§
where m_g(—4 )

At around ¢ = 1.85 gauge slice is parallel to the gauge flow through
the vacuum of gauge-unfixed action. (cf. a = 1 for g = 0)
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Branch structure

6000}
4000 |

2000 |

10— 5 — 10 PN

Level(0,0) black
Level(2,6) a = oo (Landau) orange
Level(2,6) a = 0 (Feynman-Siegel) blue
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Higher level

phi

a =oo Level(0,0) black Level(2,6) orange
Level(4,12) blue Level(6,18) rose
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0.5——

0. 25!

- 0. 25!
_0.5/

-0.75!

a =oco Level(0,0) black
Level(4,12) blue

0.1 0.2 0.3 0.4 0.5 0.6

phi

Level(2,6) orange
Level(6,18) rose
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Vacuum solution

E vacuum
1_

0.5

N

Level(2,6) sky-blue
Level(4,12) blue
Level(6,18) rose



E vacuum

-0. 85
-0.9 F\
/\
- -6:95 -
\
== | .
-2 -1 | \1 2 3 4
-1.05!

Level(2,6) sky-blue
Level(4,12) blue
Level(6,18) rose
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Level

(0,0 (2.6) (4.12) (6,18)
a | Bvac/T>s | Evac/T>5 | Evac/T25 | Evac/Tss
o0 —0.91328 | —0.94758 | —0.96094
4.0 —0.88520 | —0.91189 | —0.92449
0.5 | —-0.68462 | —0.97704 | —1.00030 | —1.00459
0.0 —0.95938 | —0.98782 | —0.99518
—2.0 —0.93477 | —0.96842 | —0.97989
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Conclusions
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Summary

New covariant gauges are proposed

A single parameter family of gauges which naturally corresponds
to the covariant gauges in ordinary gauge theory.

Action is simplified in Landau point.

Applied to tachyon potential
The identification of physical branch.

Branching behavior in Siegel gauge is gauge-artifact.
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Outlook

Analysis of space(-time) dependent solutions may be also simplified
in Landau point (both numerically and analytically.)

Absence of open string mode on tachyon vacuum:
Kishimoto-Takahashi (2002), Imbimbo (hep-th/0611343)
— Ellwood-Schnabl (hep-th/0606142)

Non-perturbative gauge fixing ambiguity

Relation to Feng-Siegel (hep-th/0611307)
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